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Abstract
This is a literature review of the eﬀects on remineralizing agents on white
spot lesions. White spot lesions are common in those during and after
orthodontic treatment, which is possibly initiated by poor oral hygiene. They are
incipient enamel caries which results in demineralization of the subsurface layer
of the enamel. Remineralization agents such as casein phosphopeptideamorphous calcium phosphate or MI Paste, Clinpro 5000 or
tricalciumphosphate, and Sensodyne toothpaste are used in several studies to
show their eﬀectiveness in enamel remineralization. Casein phosphopeptitdeamorphous calcium phosphate is also known as CPP-ACP, and is the most
studied remineralization agent (Munjal 2016).

What are white spot lesions?
White spot lesions are white opacity on the surface of the tooth enamel
which occurs as a result of subsurface enamel demineralization. They
occur as a result of several factors such as poor oral hygiene which leads
to plaque build up. Orthodontic brackets can lead to prolonged plaque
accumulation on the specific area of the tooth surface. Under these
conditions, acid from the bacteria decreases the pH and leads to
demineralization of the enamel. If not reversed, can eventually become a
cavity.
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How to treat white spot lesions?
Several remineralization agents have been researched to determine how eﬀective
they are in remineralizing and stopping the progression of demineralization of the tooth
enamel. One of these remineralization ingredients is called MI Paste or casein
phosphopeptide-amorphous calcium phosphate (CPP-ACP) . One study assessed
white spot lesions in 679 permanent first molars of children ages 8 to 16 years old,
undergoing orthodontic treatment. The subjects applied the CPP-ACP cream, which is
in a product known as GC’s MI Paste Plus. They would apply the cream two times a
day for 12 consecutive weeks. They used computerized image analysis to evaluate the
smoothness of the white spot lesion that was exposed to the CPP-ACP cream. The
results show that those subjects who applied the CPP-ACP cream for 12 weeks have a
reduction in the severity of the demineralized enamel or the white spot lesion ( Munjal
2016). This study looked only at one agent and compared it’s eﬀect on white spot
lesion based on exposure time. Based on their results we can safely conclude that
CPP-ACP does have beneficial eﬀects for orthodontic white spot lesions.
Another study looked into the beneficial eﬀects of remineralization agents in vitro rather
than on specifically patients going through orthodontic treatment (Tulumbac
2019). They looked at a few remineralization agents including CPP-ACP or MI Paste
Plus fluoride, Clinpro 5000, Clinpro tooth creme, Colgate cavity protection, Sensodyne
Rapid Relief, Sensodyne repair and protect, and also deionized water. Instead of
studying pre-formed white spot lesions on orthodontic treated teeth, they artificially
formed these lesions using a demineralization solution. The method of application and
exposure time was diﬀerent from previous studies. They applied the remineralization
agents on the artificially formed white spot lesions for 2 minutes, 2 times a day for 4
weeks while they mimic the pH of the oral cavity through pH cycling. The main
diﬀerence between the first study and this study is that the environment that the teeth
are in will be diﬀerent from one another. They are not exposed to the exact same pH,
bacterial flora, and temperature compared to the studies that take place inside the oral
cavity.
In order to test the eﬀectiveness of these agents, the researchers used to
twenty-five years old who have had at least one post-orthodontic white spot lesions.
The subjects were randomly divided into three groups which are the toothpaste group,
varnish group and the CPP-ACP group. They evaluated the eﬃcacy of the agents
clinically and by using DIAGNOdent after removing the bonding and brackets. They
looked at the white spot lesions subsequently after 1, 3 and 6 months of application and
use of the remineralization agent. The study results showed that application of 1000
ppm of fluoride varnish along with using fluoride toothpaste of 6 months significantly
decreased the severity of white spot lesions. Also, use of 1000 ppm of fluoride
toothpaste showed significant eﬀect on decreasing the severity of white spot lesions at
the end of the 6 months observation. Unfortunately, the CPP-ACP alone does not show
any eﬀect on remineralization of post-orthodontic according to this study. (Singh 2016).
The results of this study seems to be consistent with other studies comparing
fluoridated toothpaste, varnish, and CPP-ACP creams. Since fluoride has been
incorporated in the the three pastes, it seems likely that the higher content of fluoride,
the more eﬀective the paste is in increasing remineralization and decreasing the rate of
demineralization of tooth enamel.
Another in vitro study looked at fluoride, CPP-ACP , and a combination of
hydroxyapatite and fluoride on enamel white spot lesions. The researchers artificially
created white spot lesions on completely healthy, caries free extracted human
premolars. They looked at 10 teeth and created four groups: Group A was the fluoride
varnish group, Group B was the CPP-ACP group, Group C was the combination of
hydroxyapatite and Clinpro, and Group D was the control group where there was no
surface treatment. The first group had the fluoride varnish applied for twenty seconds,
group B and group C was exposed to their remineralization agent both for 3 minutes.
They tested the eﬀectiveness of the agent through Vickers Hardness Testing and
showed that fluoride varnish applied for 20 seconds shows a higher remineralization
potential of early carious lesion in comparison to the other groups such as Clinpro and
CPP-ACP or MI Paste(Bandekar 2019). Since the time frame of fluoride varnish
application was significantly less than the time of application for Clinpro and CPP-ACP,
yet still shows much significant benefits in remineralizing a white spot lesion, proves that
fluoride varnish is much more potent and easily absorbed by the tooth enamel. This
study is also consistent with some studies which shows that the addition of fluoride is
indeed an essential ingredient in helping remineralize and toughen enamel in order to
resist demineralization.

Results
Overall, a few of studies that I looked at claimed that for short term
remineralization of white spot lesions, whether they are formed in vitro or in the oral
cavity due to orthodontic treatment, CPP-ACP and tricalciumphosphate are
eﬀective, however, they show no beneficial eﬀects for long term treatment. It also
seems like most of the studies like to focus on intervals and application of these
agents. For long term beneficial eﬀects fluoridated toothpaste used twice a day for
at least 6 months showed positive eﬀects on remineralizing white spot lesions
during and after orthodontic treatment. Flouridated toothpaste , such as Sensodyne
Repair and Protect, showed most positive eﬀects and is also easy to purchase.
Patients can purchase these for a reasonable price at their local grocery store or
drug store. On the other hand, remineralization agents such as tricalciumphosphate
(Clinpro5000) and CPP-ACP (MI Paste plus Fluoride) are not as easily accessible to
purchase. These creams are to be purchased by the dentist or orthodontist and is
not usually for sale to the public. When patients do purchase them from their
dentist, they are usually quite pricey which is why patients tend not to purchase
them. One tube of MI Paste can cost anywhere from $25 to $30, whereas, one
large tube of Sensodyne toothpaste will cost around $8-$12.
Another reason why some patients are not using CPP-ACP (MI Paste) or
tricalciumphosphate as much as fluoridated toothpaste is because their dentists are
either not educating them on the product or they , the dentist, is not aware of this
product yet. These remineralization agents are new in comparison to fluoridated
toothpastes. There are also a lot of companies such as Oral-B and Colgate that do
a lot of advertisements to get patients to buy their products. The companies that
manufacture MI Paste and Clinpro 5000 are GC America and 3M, respectively. Both
of these companies only advertise to dentists and dental professionals more than
they do to patients who are not in the dental field. This is why patients only learn
about these products through their dentist and orthodontists.
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Abstract:
This is a literature review of the eﬀects on remineralizing agents on white spot
lesions. White spot lesions are common in those during and after orthodontic
treatment, which is possibly initiated by poor oral hygiene. They are incipient enamel
caries which results in demineralization of the subsurface layer of the enamel.
Remineralization agents such as casein phosphopeptide-amorphous calcium
phosphate or MI Paste, Clinpro 5000 or tricalciumphosphate, and Sensodyne
toothpaste are used in several studies to show their eﬀectiveness in enamel
remineralization. Casein phosphopeptitde-amorphous calcium phosphate is also
known as CPP-ACP, and is the most studied remineralization agent (Munjal 2016).
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Introduction:
White spot lesions are common in those during and after orthodontic treatment.
Enamel decalcification occurs when the minerals diﬀuse out of the the surface of the
enamel, forming a white spot lesion. These white spot lesions are often initiated and
aggravated by poor oral hygiene, especially those of adolescent age. White spot
lesions occur when the demineralization of the subsurface layer of the enamel occurs,
giving the surface a chalky white appearance under the light. Eventually, if the pH
levels of the oral environment is switched oﬀ balance and favors a more acidic
environment, the white spot lesion can become a carious lesion. This carious lesion
may be irreversible through remineralization.

In orthodontic patients, white spot lesions may occur around the brackets
and initially appear as small lines. Once more decalcification has occurred, this white
spot lesion may appear to be larger white or opaque areas without cavitation. Several
remineralization agents such as MI Paste, Clinpro 5000, and Sensodyne toothpaste,
have been developed and tested by researchers to help improve remineralization and
decrease demineralization of the enamel during and after orthodontic treatment. This is
really important in order to stop the progression of white spot lesions into becoming an
irreversible cavitated carious lesion. MI Paste, Clinpro 5000, and Sensodyne
toothpaste all provide minerals to the oral flora such as fluoride, calcium, and
phosphate.
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When a white spot lesion forms, minerals such as calcium and phosphate leave
the crystalline structure of the hydroxyapatite, making the enamel thinner and more
prone to becoming cavitated if demineralization continues. White spot lesions have
been known to be the most important iatrogenic eﬀect of orthodontic treatment
because the number of plaque retention sites increases because of the bonding and
bands from the orthodontic appliance to the teeth. This makes oral hygiene care more
diﬃcult. The more plaque that is retained, the more bacteria accumulates and the lower
the pH. When the pH decreases, the minerals in the tooth enamel such as the calcium
and phosphate, leaves the surface to balance out the pH in the oral cavity. Naturally,
remineralization and demineralization occurs in the oral cavity (Mayasari 2019). When a
person eats, the pH of the mouth decreases as the bacteria in the mouth produces a
byproduct below a pH of 5.5. This causes demineralization of the tooth enamel.
Fortunately, human saliva pH is higher than 5.5 and contains minerals such as calcium
and phosphate, which remineralization the enamel (Mayasari 2019).

When there is an imbalance of the protective factors and pathological factors,
demineralization can occur. A lot of things determine the process of demineralization
and remineralization including diet, the host, environmental factors, and most
importantly, salivary pH ( Mayasari 2019). In order to increase remineralization factors,
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several agents have been produced to help increase these factors to decrease the risk
of pH imbalance of favoring demineralization. Pastes such as MI Paste plus, Clinpro
500, and Sensodyne toothpaste, have all been developed to help increase
remineralization and decrease demineralization. In this literature review, we will look at
studies and compare the eﬀectiveness of the pastes on remineralizing white spot
lesions.

Body:
a. Literature Review
Methods:
The study of the increase in remineralization and decrease in demineralization of
orthodontic white spot lesions using remineralization agents such as MI Paste, Clinpro,
and Sensodyne toothpaste through a review of the literature.
Discussion:
Several remineralization agents have been researched to determine how eﬀective
they are in remineralizing and stopping the progression of demineralization of the tooth
enamel. One of these remineralization ingredients is called MI Paste or casein
phosphopeptide-amorphous calcium phosphate (CPP-ACP) . One study assessed
white spot lesions in 679 permanent first molars of children ages 8 to 16 years old,
undergoing orthodontic treatment. The subjects applied the CPP-ACP cream, which is
in a product known as GC’s MI Paste Plus. They would apply the cream two times a
day for 12 consecutive weeks. They used computerized image analysis to evaluate the
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smoothness of the white spot lesion that was exposed to the CPP-ACP cream. The
results show that those subjects who applied the CPP-ACP cream for 12 weeks have a
reduction in the severity of the demineralized enamel or the white spot lesion ( Munjal
2016). This study looked only at one agent and compared it’s eﬀect on white spot
lesion based on exposure time. Based on their results we can safely conclude that
CPP-ACP does have beneficial eﬀects for orthodontic white spot lesions.
Another study looked into the beneficial eﬀects of remineralization agents in vitro
rather than on specifically patients going through orthodontic treatment (Tulumbaci
2019). They looked at a few remineralization agents including CPP-ACP or MI Paste
Plus fluoride, Clinpro 5000, Clinpro tooth creme, Colgate cavity protection, Sensodyne
Rapid Relief, Sensodyne repair and protect, and also deionized water. Instead of
studying pre-formed white spot lesions on orthodontic treated teeth, they artificially
formed these lesions using a demineralization solution. The method of application and
exposure time was diﬀerent from previous studies. They applied the remineralization
agents on the artificially formed white spot lesions for 2 minutes, 2 times a day for 4
weeks while they mimic the pH of the oral cavity through pH cycling. The main
diﬀerence between the first study and this study is that the environment that the teeth
are in will be diﬀerent from one another. They are not exposed to the exact same pH,
bacterial flora, and temperature compared to the studies that take place inside the oral
cavity.
In order to test the eﬀectiveness of these agents, the researchers used

polarized light microscopy and DIAGNOdental to find out that out of there was no
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diﬀerence in the Sensodyne Rapid relief compared to Sensodyne Repair and Protect.
Overall, the study did find out that the best remineralization agents are the Clinpro
5000 and the MI Paste plus with fluoride. They found the tricalciumphospate or Clinpro
5000 is also successful in remineralizing white spot lesions when it is combined with
fluoride(Tulumbaci 2019). Both Clinpro 5000 and MI Paste Plus provide readily available
calcium and phosphate ions to remineralize the white spot lesion. The addition of the
fluoride helps to strengthen the bonds between the calcium, phosphate, and replaces
the hydroxide groups in the crystalline hydroxyapatite structure of the enamel. The
shorter the bonds between the molecules the harder it is for the enamel to demineralize
when exposed to an environment favoring demineralization (Vianna 2020). They did a
statistical analysis and found that tricalciumphosphate was most eﬀective when
combined with fluoride for remineralization and decreasing demineralization of dentin,
however, when the tricalciumphosphate nanoparticles functionalized with fluoride it did
not show improved remineralization and decreased demineralization. When
tricalciumphosphate was combined with both stannous and fluoride, there was also no
significant superior eﬀect on tooth enamel ( Vianna 2020).

Besides looking at white spot lesions during orthodontic treatment and in vitro
studies, one research focused on remineralization agents post-orthodontic treatment.
They claimed that white spot lesions occur in 96% of patients post-orthodontic
treatment (Singh 2016). They looked at a total of forty-five subjects ages from sixteen

to twenty-five years old who have had at least one post-orthodontic white spot lesions.

9
Header: The Eﬀects of Remineralization
Agents on White Spot Lesions in Orthodontic
Patients
The subjects were randomly divided into three groups which are the toothpaste group,
varnish group and the CPP-ACP group. They evaluated the eﬃcacy of the agents
clinically and by using DIAGNOdent after removing the bonding and brackets. They
looked at the white spot lesions subsequently after 1, 3 and 6 months of application
and use of the remineralization agent. The study results showed that application of
1000 ppm of fluoride varnish along with using fluoride toothpaste of 6 months
significantly decreased the severity of white spot lesions. Also, use of 1000 ppm of
fluoride toothpaste showed significant eﬀect on decreasing the severity of white spot
lesions at the end of the 6 months observation. Unfortunately, the CPP-ACP alone
does not show any eﬀect on remineralization of post-orthodontic according to this
study. (Singh 2016). The results of this study seems to be consistent with other studies
comparing fluoridated toothpaste, varnish, and CPP-ACP creams. Since fluoride has
been incorporated in the the three pastes, it seems likely that the higher content of
fluoride, the more eﬀective the paste is in increasing remineralization and decreasing
the rate of demineralization of tooth enamel.
Another in vitro study looked at fluoride, CPP-ACP , and a combination of
hydroxyapatite and fluoride on enamel white spot lesions. The researchers artificially
created white spot lesions on completely healthy, caries free extracted human
premolars. They looked at 10 teeth and created four groups: Group A was the fluoride

varnish group, Group B was the CPP-ACP group, Group C was the combination of
hydroxyapatite and Clinpro, and Group D was the control group where there was no
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surface treatment. The first group had the fluoride varnish applied for twenty seconds,
group B and group C was exposed to their remineralization agent both for 3 minutes.
They tested the eﬀectiveness of the agent through Vickers Hardness Testing and
showed that fluoride varnish applied for 20 seconds shows a higher remineralization
potential of early carious lesion in comparison to the other groups such as Clinpro and
CPP-ACP or MI Paste(Bandekar 2019). Since the time frame of fluoride varnish
application was significantly less than the time of application for Clinpro and CPP-ACP,
yet still shows much significant benefits in remineralizing a white spot lesion, proves
that fluoride varnish is much more potent and easily absorbed by the tooth enamel.
This study is also consistent with some studies which shows that the addition of
fluoride is indeed an essential ingredient in helping remineralize and toughen enamel in
order to resist demineralization.
Conclusion:
Overall, a few of studies that I looked at claimed that for short term
remineralization of white spot lesions, whether they are formed in vitro or in the oral
cavity due to orthodontic treatment, CPP-ACP and tricalciumphosphate are eﬀective,
however, they show no beneficial eﬀects for long term treatment. It also seems like
most of the studies like to focus on intervals and application of these agents. For long
term beneficial eﬀects fluoridated toothpaste used twice a day for at least 6 months
showed positive eﬀects on remineralizing white spot lesions during and after
orthodontic treatment. Flouridated toothpaste , such as Sensodyne Repair and Protect,
showed most positive eﬀects and is also easy to purchase. Patients can purchase
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these for a reasonable price at their local grocery store or drug store. On the other
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hand, remineralization agents such as tricalciumphosphate (Clinpro5000) and CPPACP (MI Paste plus Fluoride) are not as easily accessible to purchase. These creams
are to be purchased by the dentist or orthodontist and is not usually for sale to the
public. When patients do purchase them from their dentist, they are usually quite pricey
which is why patients tend not to purchase them. One tube of MI Paste can cost
anywhere from $25 to $30, whereas, one large tube of Sensodyne toothpaste will cost
around $8-$12.
Another reason why some patients are not using CPP-ACP (MI Paste) or
tricalciumphosphate as much as fluoridated toothpaste is because their dentists are
either not educating them on the product or they , the dentist, is not aware of this
product yet. These remineralization agents are new in comparison to fluoridated
toothpastes. There are also a lot of companies such as Oral-B and Colgate that do a
lot of advertisements to get patients to buy their products. The companies that
manufacture MI Paste and Clinpro 5000 are GC America and 3M, respectively. Both of
these companies only advertise to dentists and dental professionals more than they do
to patients who are not in the dental field. This is why patients only learn about these
products through their dentist and orthodontists.
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